The objective of this work was to evaluate the interaction between genotypes and environments for productivity and content of protein and oil, as well as to estimate the genetic parameters and genetic variation among 18 genotypes of soybean grown in four environments. The experiments were set up in the 2006/2007 agricultural year in a randomized block design with three repetitions. The content of protein and oil in the beans was determined by near infrared spectroscopy (NIR). In the four environments the significance was noted for genetic variability and genotype x environment interactions for all traits. Estimates of the heritability of the analyzed variables were high, indicating potential for selecting superior genotypes in breeding programs. In partial correlation analysis only the oil and protein contents were significantly correlated. Correspondence was observed between the UPGMA and Tocher estimation methods, dividing the genotypes into three heterotic groups, with the protein content being the character that most contributed to genetic diversity.
INTRODUCTION
With production estimated at 82 million tons of grain for the 2012/2013 harvest, Brazil is the world's second biggest soybean producer and is likely to become the greatest exporter of this legume in this agricultural year (USDA, 2013) . The success of soybean cultivation is attributed to the combination of its high protein content (about 40%) and oil content (about 20%), together with satisfactory productivity levels for the grain in a range of soils and climatic conditions.
Developing productive cultivars with significantly incremented protein and/or oil content is one of the main objectives of soybean breeding programs (Mahmoud et al., 2006) . Protein and oil content in soybean grains involves quantitative genetic control and is influenced by environment (Bonato et al., 2000) . The existence of a negative correlation between protein and oil content in soybean grains has prevented the simultaneous increase of these characters in commercial lines (Rodrigues et al., 2010) .The existence of interaction between genotypes and environments (G x E) constitutes one of the main problems for breeding programs, be it at the selection stage or in the recommendation of cultivars. The importance of this interaction means that the breeder has to evaluate its magnitude and significance, quantify *Corresponding author. E-mail: rafaeldelbueno@yahoo.com.br. Tel: (31) 3899 2941. its effects on breeding techniques as well as to adopt procedures to minimize or take advantage of the interaction (Cruz and Carneiro, 2003) .
Estimates of heritability and genetic correlations are essential to the success of any strategy used in plant breeding (Laviola et al., 2010) . Estimates of heritability in the broad sense are important in plants because they are connected to selection, and the larger the estimated value of this parameter is, the greater will be the chance of success with selection (Gravois and Bernhardt, 2000) .
The objective of this work was to evaluate the interaction of genotypes and environments with regard to productivity and protein and oil content, as well as estimating the genetic parameters and genetic variability among 18 soybean genotypes cultivated in four distinct environments.
METHODS
In the 2006/2007 agricultural year 18 soybean genotypes were evaluated, which had been supplied by COOPADAP (Agricultural Cooperative of Alto Paranaíba), in the following places: Perdizes (Minas Gerais-MG), São Gotardo (MG), Presidente Olegário (MG) and Mineiros (Goiás-GO) ( Table 1 ). The genotypes used were CS01736 (1), CS02884 (2), CS02564 (3), CS02449 (4), CS02731 (5), CS01873 (6), CS02988 (7), CS021026 (8), Luziânia (9), Monarca (10), Garantia (11), Elite (12), CS02521 (13), CS02302 (14), CS821 (15), CS801 (16), MSOY8001 (17) and Vencedora (18).
The experiment was conducted with 18 genotypes and the design was randomized blocs with three repetitions. The plots were constituted of four rows, each 5 m long and with a space of 0.5 m between them. The useful area of the plot included only the plants present in the two central rows. To quantify the protein and oil content, 10 g of seeds of each genotype were collected. The seeds were triturated in a mill to achieve suitable granules for reading in a near infrared spectrometer (NIR, Agrosystem equipment, model Instalab 600 Product Analyzer).
Individual and joint analyses of variance were carried out, based on a randomized simple factorial model to test the effect of genotypes and of the genotype x environment interaction by means of F test, using the statistical model:
In which, Y ijk = value of the character for the i th genotype (i = 1, 2, ..., g) in the j th environment (j = 1, 2, ..., j) in the k th bloc (K = 1, 2, ..., K); μ = general mean; G i = effect of the i th genotype; A j = effect of the j th environment; GA ij = effect of the interaction of the i th genotype with the j th environment, and ε ijk = random error.
The experimental variation coefficients were also estimated (CV e %), as well as the genetic and environmental parameters for each of the characters analyzed in each environment. The phenotypic, genetic and residual correlations were estimated for all the pairs of characters in each environment, and path analysis was used to obtain the partial correlation coefficients between the characters.
To analyze genetic diversity, estimates of dissimilarity were obtained using the generalized distance of Mahalanobis and grouped by Tocher method, cited by Rao (1952) . The 18 genotypes were grouped based on the genetic similarity matrix using the hierarchical method known as the Unweighted Pair-Group Method with Arithmetic Mean (UPGMA), and the quality of the dendogram nodes was measured by bootstrap with 5000 simulations. The dendogram cutoff point for the formation of groups was obtained by the Mojena (1977) method.
The cophenetic correlation coefficient was also estimated to verify the original values of dissimilarity compared with those represented in the dendogram. The significance of this coefficient was measured by Student t-test at 1% probability with n-2=151 degrees of liberty, in which n is equal to 153 distances resulting from the pairwise combination of 18 genotypes. The relative importance of the characters in relation to the genetic diversity among the genotypes was studied according to Singh (1981) . All the statistical analyses were carried out using the GENES computational application (Cruz, 2013) .
RESULTS AND DISCUSSION
The variance components and the estimates for genetic parameters for each character are shown in Table 2 . Genetic variability (p≤0.05) for the three characters was seen in the four environments. Genotypic variance is considered one of the most important parameters for quantifying the breeding potential of a population, and the existence of genotypic variance among the tested averages indicates the viability of the use of selective techniques in genotypes (Cruz et al., 2004) . High genetic variance values were found for productivity (Table 2) , reflecting directly on the magnitude of the heritability values. In the broad sense heritability estimates values obtained for productivity (83.5%), protein content (80.6%) and oil content (79.4%) were high, indicating that there is potential for selection of superior genotypes for the improvement of these traits. These values were higher than those found by Rodrigues et al. (2010) for oil content (71.61%) and protein content (62.36%); as well as for productivity (77%) found by Aditya et al. (2011) . In general, grain production is a character that has medium to low heritability, and it can be attributed to the quantitative behavior of this character, due to the large number of genes involved, allowing greater environmental influences and the existence of genes that present action due to dominance deviations. On the hand, the characteristics protein and oil contents have medium to high heritability. It was observed that the genotype x environment interaction was significant (p≤0.01) for the three characters in the four environments. Variance analysis (Vgxe) showed that productivity was the character with most sensitivity to environmental variation. This result was similar to that found by Zhe et al. (2010) , who showed that productivity is more sensitive to environmental variation than protein and oil contents. Sediyama et al. (1993) showed that oil content is higher when the soybean is cultivated in warmer environments, and that the oil content is lower when the seeds ripen in cold temperatures. According to Dardanelli et al. (2006) , protein and oil will vary in an inverse relationship due to the changes in temperature of plant development. However, the temperature seems not to be directly related to the protein content but indirectly influence it via the oil content, since these two characteristics are inversely correlated.
The oil content has a significant influence of component interaction GxE. According to Rocha et al. (2002) , the effects of factors such as sowing dates, locations, years and their interactions have been evaluated for oil content. Based on these studies were verified a pronounced effect of the interaction genotype x year, outweighing the effects of sowing date and planting location.
In Australia, Rose (1988) evaluated seven soybean genotypes in multiple planting seasons, finding differences in grain yield due to planting date, genotype and genotype x planting season. The oil seed percentage for late planting date decreased 1.7%. Pfeiffer et al. (1995) studied the genotype x environment interaction for the traits grain yield, oil content and protein in 32 lines planted in four different locations in two U.S. states. Significant effect was detected for interaction both within and between states for oil content and protein.
The estimates of mean coefficients of experimental variation (CV e ) were low for the evaluated characters (Table 2) . Rodrigues et al. (2010) found CV e of 4.1 and 3.8% for protein and oil content, respectively, which were higher than values found in this work. The value of CV e for productivity was 12.46%, lower than the value of 16% established as ideal for soybean productivity, suggested by Carvalho et al. (2003) . In Table 2 the values for the CV g /CV e ratio are shown, assuming values higher than the unity for the characters protein content and productivity. These values are considered ideal for selection (Vencovsky and Barriga, 1992; Cruz et al., 2004) . Considering the oil content character, this parameter was below the unit, indicating low potential for selection of these genotypes for improving oil content. By analysis of the variance component V g for oil content, it can be seen that this value was very low in the four environments, which explains why the CV g /CV e ratio was below the unit.
The results of phenotypic, genotypic and environmental correlations are presented in Table  3 . The genotypic correlations were higher than the phenotypic and environmental ones, with the exception of the environment Perdizes (MG), in which the environmental correlation was higher than phenotypic and genotypic correlations for the variables productivity x oil. Genotypic correlations with the same sign and greater values than the phenotypic ones are common in soybean (Moro et al., 1992; Taware et al., 1997; Lopes et al., 2002; Rodrigues et al., 2010) . Chand (1999) performed experiments on different varieties of soybean and for all characters studied were higher than the phenotypic and environmental correlation coefficients.
Studies on genotypic, phenotypic and environmental correlations in soybean have involved characters collected from flowering to maturity, emphasizing productivity and its components and, in recent decades, involving quantitative and qualitative analyzes of oil and protein. (Sharma, 1979; Cecon et al., 1993; Akhter and Sneller, 1996a, b; Taware et al., 1997; Wilcox, 1998; Xinhai et al., 1999; Morrison et al., 2000; Wilcox and Shibles, 2001; Alt et al., 2002) . Estimates of partial correlation coefficients were made for the pairs of variables analyzed, where only the content of oil and protein correlated significantly (P≤0.05) ( Table 3 ). For the pairs in protein x productivity and oil x productivity, the high coefficient of simple correlation can be explained by the influence of a third variable or group of variables that favored the significance of the correlation (Cruz and Carneiro, 2003) .
The results presented in Table 3 indicate that the increase in the variables productivity and oil content will mean a reduction in protein content. Similar results were found by Bonato et al. (2000) and Rodrigues et al. (2010) . According to Cruz et al. (2004) , only genetic correlations involve a heritable association and can be used for orienting breeding programs.
In choosing the progenitors to be used in hybrid combinations that will produce superior segregant populations, the genotypes were grouped by the Tocher method (Table 4 ). The grouping of genotypes is done by identifying the most similar pair within the dissimilarity matrix; that is, the pair with the lowest estimated distance. By this means the genotypes were grouped into three similar or heterotic groups, with the genotype Elite separate from the others because this grouping method is influenced by the distance from already grouped genotypes (Vasconcelos et al., 2007) .
For the study of genetic similarity, the UPGMA method was used and the resulting dendogram is presented in Figure 1 . This method is the most widely used one in studies of genetic diversity, in that it considers the mean measurements of dissimilarity and thus avoids characterizing dissimilarity by extreme values between genotypes (Cruz et al., 2004) . Using the method of Mojema (1977) the cutoff point in the dendogram was established for the formation of groups at a level of θ=9.83, with θ being the level at which branches of the dendogram fuse. It is thus possible to form three cut-offs at different stages in the dendogram, as can be seen in Figure 1 . The first group contains only the genotype Elite; the second has the genotypes CS02 521, MSOY 8001 and Vencedora and the third the 14 remaining genotypes. There was some correspondence between the UPGMA method and the Tocher method in that both isolated the genotype Elite from the others. The second group formed by the UPGMA method was quite similar to that formed by Tocher, showing only one difference in that it included genotype CS02 521. In this study the cophenetic correlation coefficient (r) was 0.77 with p≤0.01, grouping with the distance matrix of the genotypes. It should be borne in mind that even if r is significant (p≤0.01), the values near the unit should be preferred, because these indicate greater consistency in the grouping pattern (Cruz et al., 2004; Cargnelutti Filho et al., 2010) .
The character that most contributed to the genetic diversity of the genotypes, according to the methodology of Singh (1981) , was protein content, followed by productivity and oil content, as shown in Figure 2 . Studies contribution of characters for genetic diversity are important to select characters that best discriminate the accessions and discard others that contribute little to discriminate genotypes of a given species. The use of parents with insufficient genetic diversity in the formation of populations for hybridization reduces the genetic variability for quantitative traits (Fehr, 1987) 
Conclusions
The existence of the genotype x environment interaction for the three characters will have an influence on the selection gain and will make it difficult to recommend cultivars with broad adaptability. The CV g /CV e ratio estimated for the characters productivity and protein and oil content showed values close to or above the unit, considered ideal for selection practices. Estimates of the simple correlation coefficient showed the existence of a Figure 2 . Relative contribution of the characters productivity and oil and protein content for the genotypic diversity of the accessions, using the methodology of Singh (1981). significant and negative correlation between productivity and protein content and between oil content and protein content. In the estimates of partial correlation coefficients, only the pair protein content x oil content showed a significant correlation. The genotypes were grouped into three similarity groups based on the divergences between the evaluated characters, and the character that most contributed to genetic diversity was protein content, followed by productivity and oil content.
